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(57) ABSTRACT 

An I/O pad has a data transmitting circuit, a data monitoring 
control circuit, and a control selection circuit. The control 
selection circuit controls the data transmitting circuit at the 
control end, so as to enable or disable the transmission. 
When it is enabled, data in the data transmitting circuit are 
exported to a receiving circuit. When it is disabled, data 
exportation stops. The data monitoring circuit receives sig 
nals of the data transmission circuit and export signals to the 
control selection circuit. The data monitoring circuit judges 
Whether the data transmission is under a stable condition. If 
it is not yet, an unstable signal is exported to a ?rst input end 
of the control selection circuit. A second input end of the 
control selection circuit receives an output enabling signal. 
The output end of the control selection circuit is connected 
to the control end of the data transmitting circuit. When the 
data transmission is at stable status and the output enabling 
signal indicates a disable status, the control selection circuit 
disables the data transmitting circuit. Otherwise, the control 
selection circuit enables the data transmitting circuit. 

7 Claims, 3 Drawing Sheets 
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INPUT/OUTPUT PAD WITH MORNITORING 
ABILITY AND OPERATION METHOD 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority bene?t of TaiWan 
application serial no. 89124636, ?led Nov. 21, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to an integrated circuit. 
More particularly, the present invention relates to an I/ O pad 
of an integrated circuit. The U0 pad can eXport signals With 
a delay time. 

2. Description of Related Art 
The usual manner for transmitting data needs an enabling 

control circuit device, so as to control the ON/OFF status of 
the transmitting circuit. This can save consumption of the 
resource of the data bus in integrated circuit (IC) operation. 
The data bus is the data transrnitting bridge betWeen tWo 
IC’s, so as to alloW the data to be transmitted in proper 
ef?ciency. 

Wile the data is under transmission, the enabling control 
circuit Would enable a data transrnitting circuit, so that the 
data transrnitting circuit starts to transmit desired data to the 
data bus. During the transmitting period, the enabling con 
trol circuit continuously drives the data transrnitting circuit, 
so as to avoid interruption of data transmission. After the 
data are completely transmitted, the enabling control circuit 
then issues an disable signal, Which can stop the operation 
of data transmission and puts the circuit at the OFF status, 
so that the resource for operating the IC can be saved. 

In the above manner, it has no difficulty or defect for the 
operation at loW frequency. Data can be successfully trans 
rnitted from one circuit to another circuit. HoWever, the high 
frequency transrnitting technology has greatly developed for 
use. In the data transrnitting process operated at high fre 
quency operation process, the delay time due to a delay of 
the data bus could be too large When comparing With time 
of the high frequency. In this situation, While the data are 
still under transmitting, the IC has ?nished data transrnitting. 
By the normal operation, the enabling control circuit then 
turns OFF the IC circuit. HoWever, the data are not yet 
completely transmitting to the data bus. This also means that 
the voltage level still does not achieve a stable status. The 
driving voltage does not continue to drive the data trans 
rnitting action, due to the OFF of the IC circuit. 

With respect the foregoing operation principle, FIG. 1 
shoWs the structure diagram of a conventional I/O pad. In 
FIG. 1, INT data are input to the I/O pad. By the path of data 
bus 12, input data are output to the desired IC. The enabling 
control circuit 14 in the I/O pad 10 judges the INT data to 
determine Whether data are still continuously transmitting 
data to the I/O pad 10. Accordingly, the enabling control 
circuit 14 also issues an output enabling signal, Which 
triggers the tri-state buffering circuit 16 to the data bus 12. 
When the data transmission from INT has ?nished, the 
enabling control circuit 14 does not issues the output 
enabling signal. As a result, the tri-state buffering circuit 16 
stops operating, and the I/O pad has ?nished one action of 
data transmission. 

FIG. 2 is the output signal waveform for the conventional 
I/O pad. In FIG. 2, data at the ?rs period 20, the second 
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2 
period 22, the third period 24 can be successfully transmit 
ted. HoWever, during the fourth period 26, since the delay of 
transmission occurs, the data haven’t been completely trans 
rnitted to the data bus yet, but the I/O pad has been Off. This 
causes the data Within the fourth period is incomplete. This 
problem occurs at the operation under high frequency. 

SUMMARY OF THE INVENTION 

The invention provides an I/O pad with monitoring ability 
on the data transmission, and a method for driving the I/O 
pad. When data are transmitted betWeen the circuits, the I/O 
pad can prolong the transmission time, so that the data are 
assured to be successfully transmitted without affection from 
the delay time of the data bus. The data can be srnoothly 
transrnitted. 

The invention provides an I/O pad with monitoring ability 
on the data transmission. The U0 pad includes a data 
transrnitting circuit, a data rnonitoring control circuit, and a 
control selection circuit. The control selection circuit con 
trols the data transrnitting circuit at the control end, so as to 
enable or disable the transmission. When it is enabled, data 
in the data transrnitting circuit are eXported to a receiving 
circuit. When it is disabled, data exportation stops. The data 
rnonitoring circuit receives signals of the data transmission 
circuit and eXport signals to the control selection circuit. The 
data rnonitoring circuit judges Whether the data transmission 
is under a stable condition. If it is not yet, an unstable signal 
is eXported to a ?rst input end of the control selection circuit. 
A second input end of the control selection circuit receives 
an output enabling signal. The output end of the control 
selection circuit is connected to the control end of the data 
transrnitting circuit. When the data transmission is at stable 
status and the output enabling signal indicates a disable 
status, the control selection circuit disables the data trans 
rnitting circuit. OtherWise, the control selection circuit 
enables the data transrnitting circuit 
The present invention provides a method for driving an 

I/O pad, the method includes providing an enabling signal. 
When the enabling signal is at the enabling state, the I/ O pad 
drives the data transmission. The data transrnitting status is 
detected. When the data transrnitting status is at a stable 
condition and the enabling signal is at disable status, the I/O 
pad stops transmitting data. The method to determine 
Whether the data transrnitting status is a stable condition 
includes ?rst providing a high level voltage and a loW level 
voltage, Where the loW level voltage is less than the high 
level voltage. When the voltage level during period for 
transmitting data is higher than the high level voltage or less 
than the loW level voltage, it is a stable status. 

The U0 pad of the invention associating the operation 
method has the monitoring ability to judge Whether the data 
transrnitting status is stable or not According to judged 
status, it determines Whether the data are driven to transmit 
to the data bus or not. This can assure a stable and complete 
data transmission Without being affected by the delay time of 
the data bus. This also avoid that the integrated circuits are 
driven for too long, consuming the resource of integrated 
circuit. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the invention, and are incorporated 
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in and constitute a part of this speci?cation. The drawings 
illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the inven 
tion. In the drawings, 

FIG. 1 is a block diagram, schematically illustrating the 
structure of the conventional I/O pad; 

FIG. 2 is the waveform for the conventional I/O pad; 
FIG. 3 is a block diagram, schematically illustrating the 

structure for an I/O pad according to one preferred embodi 
ment of this invention; and 

FIG. 4 is a circuit, schematically illustrating the I/O pad, 
according to one preferred embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 3 is a block diagram, schematically illustrating the 
structure for an I/O pad according to one preferred embodi 
ment of this invention In FIG. 3, the I/O pad structure 
includes a data transmitting circuit 42, a data monitoring 
circuit 44, and a control selection circuit 40. 

The data transmitting circuit 42 has a data receiving end, 
a control input end, and a data output end. The signal on the 
control input end can enable or disable the data transmitting 
circuit 42. When the data transmitting circuit 42 is enabled, 
the data output end eXports data received from the receiving 
end. This also means that the data transmitting circuit 42 is 
continuously driven. When the data transmitting circuit 42 is 
disabled, data transmission stops. 

The data monitoring circuit 44 has a transmitted-data 
input end and a monitoring-signal output end. The 
transmitted-data input end is connected to the output end of 
the data transmitting circuit 42, used to detecting the data 
transmission status and to determine whether the data trans 
mission status is stable or not. The data monitoring circuit 44 
eXports an unstable signal from the monitoring-signal output 
end to indicate an unstable status for the data transmission. 

The control selection circuit 40 has a ?rst input end, a 
second input end, and an out putt end. The ?rst input end of 
the control selection circuit 40 is connected to the 
monitoring-signal output end of the data monitoring circuit 
44 for receiving the unstable signal. The second input end of 
the control selection circuit 40 receives an enabling signal 
typically generated by an integrated circuit. The output end 
is connected to the control input end of the data transmitting 
circuit 42, so as to enable or disable the data transmitting 
circuit 42. When the output of the control selection circuit 40 
is at the enabling condition, it enables the data transmitting 
circuit 42 and driving the data to the data bus When the 
output of the control selection circuit 40 is at the disabling 
condition, the N042 42 stops transmitting data. This indi 
cates that the integrated circuit does not be necessary to 
transmitting data to the data bus. When the enabling signal 
is at disabling status, this indicates that the data transmission 
status is at stable condition. The control selection circuit 40 
enables the data transmitting circuit 42, so that data of the IC 
can be continuously transmitted to the data bus. 

The function of control selection circuit 40 is used to 
describe in the following. When the data transmitting status 
is still unstable, the data transmitting circuit 42 would 
continuously drive the function of transmitting data without 
interruption. This allows the data can be transmitted main 
tain integrity. After the data are completely transmitted, the 
data monitoring circuit 44 then informs the control selection 
circuit 40 about the ?nish of data transmission. The data 
transmitting circuit 42 then stops. As a result, the operation 
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4 
of data transmission is highly ef?cient without consuming 
the operational resource. Data can also maintain integrity. 

FIG. 4 is a circuit, schematically illustrating the I/O pad, 
according to one preferred embodiment of this invention. In 
FIG. 4, the foregoing data monitoring circuit 44 preferably 
includes a high voltage comparator 58, a low voltage com 
parator 60, and OR gates 52, 56. The positive end of the 
comparator 58 is connected to the transmitting line of DATA 
OUT, and the negative end of the comparator 58 is con 
nected to power device 62, which maintains a voltage of 2.8 
volts. The comparator 58 is used to compare the high level 
of voltage at the DATA OUT during data transmission. The 
negative end of the comparator 60 is also connected to the 
transmitting line of DATA OUT, and the positive end of the 
comparator 60 is connected to a power device 64, which 
maintains a voltage of 0.3 volts. The comparator 60 is used 
to compare the low level of voltage at the DATA OUT during 
data transmission. The two outputs of the comparators 58, 60 
are inputted to the OR gate 56. In this manner, when the 
voltage level at DATA IS OUT is greater than 2.8 V, the 
comparator 58 eXports a high level voltage. Also and, when 
the voltage level at DATA OUT is less than 0.2 V, the 
comparator 58 also eXports an high level voltage, the OR 
gate 56 does eXport a high level voltage, so as to assure the 
data transmission has achieved to the stable condition. 
Otherwise, the OR gate 56 eXports a low level voltage, 
indicating the unstable condition for the data transmission. 
The output of the OR gate 56 is further connected to one 

input end of the OR gate 52. The other input of the OR gate 
56 is connected to a bus-?oating control signal BUS-Float of 
the data bus. When the control signal BUS-Float is at enable 
state (high level), it indicates that the data monitoring circuit 
44 is not desired for operation. The output of the OR gate 52 
maintains at the high voltage level. This also means that 
when the output of the OR gate 52 is at the low voltage level, 
the unstable signal for data transmission is at the enable 
status, indicating that the data transmission is not at the 
stable condition yet. In the foregoing, the arrangement of the 
OR gates are only taken as an example. The skilled artisans 
should be able to modify the OR gate into another design 
with the same function for allowing the data monitoring 
circuit 44 to be continuously operated. 

Moreover, two input ends of an AND gate 50 receives the 
output of the OR gate 52 and an output enabling signal ?. 
When the enabling signal @ is at the enabling level, that is, 
a low voltage level, the output of the AND gate 50 is at the 
low voltage level The tri-state buffer 54 then can drive the 
data bus. Likewise, when the output of the OR gate 52 is at 
the low voltage level, that is, the unstable signal for data 
transmission is at the enable status. This also indicates that 
when the data transmission is at unstable condition, the 
output of the AND gate 50 is at the low voltage level. This 
causes the tri-state buffer 54 can continuously transmit data 
to the data bus. 

In FIG. 4, the data transmitting circuit 42 shown in FIG. 
3 is the tri-state buffer 54 The high voltage level is 2.8V and 
the low voltage level is 0.2V. The control selection circuit 40 
shown in FIG. 3 is the OR gate 50. As can be understood by 
the skilled artisans, various modi?cations of circuit design 
with the same desired function is still within the scope of the 
design principle of the invention. For instance, quantities of 
the high voltage level and the low voltage level can vary 
according to different requirement for the different data 
buses. 

In summary, the method of the invention includes pro 
viding an output enabling signal. When the enabling signal 



US 6,826,635 B2 
5 

is at the enabling state, the I/O pad drives the data trans 
mission. Then, the data transmitting status is detected. When 
the data transmitting status is at a stable condition and the 
enabling signal is at disable status, the I/O pad stops 
transmitting data. 

The algorithm for determine Whether the data transmis 
sion status is at the stable condition or not includes providing 
a high level voltage and a loW level voltage, Where the loW 
level voltage is less than the high level voltage. When the 
voltage level during period for transmitting data is higher 1 
than the high level voltage or less than the loW level voltage, 
it is a stable status. 

The invention can improve the ef?ciency of the data 
transmitting betWeen tWo integrated circuit through the data 
bus. The conventional draWback of incomplete data 
transmission, Which is due to the time delay of response time 
of data bus When the integrated circuit device has ?nished 
for transmitting data, can be successfully avoided. The data 
can be completely transmitted Without affection of the delay 
of the data bus. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the structure of 
the present invention Without departing from the scope or 
spirit of the invention. In vieW of the foregoing, it is intended 
that the present invention covers modi?cations and varia 
tions of this invention provided they fall Within the scope of 
the folloWing claims and their equivalents. 
What is claimed is: 
1. An I/O pad structure for exporting a transmitted data, 

comprising: 
a data transmission circuit, having a data receiving end, a 

control input end, and a data output end, Wherein said 
control input end is used to set said data transmission 
circuit to be an enabling state or an disabling state, said 
data output end exports said transmitted data received 
from said receiving end When said enabling state is set, 
and said data transmission circuit stops transmitting 
data When said disabling state is set; 

a data monitoring circuit, having a data input end and a 
monitoring output end, Wherein said data input end is 
connected to said data output end of said data trans 
mission circuit for judging Whether a current data 
transmission status is at a stable condition or not, and 
accordingly exporting a monitoring signal from said 
monitoring output end; and 

a control selection circuit, having a ?rst input end, a 
second input end, and an output end, Wherein said ?rst 
input end is connected to said output end of said data 
monitoring circuit for receiving said monitoring signal, 
said output end is connected to said control input end 
of said data transmitting circuit, and said second input 
end receives an output enabling signal, said control 
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selection circuit disables said data transmitting circuit 
When said output enabling signal is under disabling and 
data transmission status is at a stable condition, other 
Wise said control selection circuit enables said data 
transmitting circuit. 

2. The U0 pad structure of claim 1, Wherein said data 
transmitting circuit comprises a tri-state buffer. 

3. The U0 pad structure of claim 1, Wherein said data 
monitoring circuit comprises: 

a high voltage level comparator, having a positive end, a 
negative end, and an output end, Wherein said positive 
end is connected to said output end of said data 
transmitting circuit for receiving said transmitted data, 
and said negative end is connected to a poWer device 
With a ?rst voltage level, so that a voltage level at said 
output end of said data transmitting circuit is compared 
With said ?rst voltage level to see if said voltage level 
exceeds said ?rst voltage level; 

a loW voltage level comparator, having a positive end, a 
negative end, and an output end, Wherein said negative 
end is connected to said output end of said data 
transmitting circuit for receiving said transmitted data, 
and said positive end is connected to a poWer device 
With a second voltage level, so that a voltage level at 
said output end of said data transmitting circuit is 
compared With said second voltage level to see if said 
voltage level is less than said second voltage level, in 
Which said ?rst voltage level is higher than said second 
voltage level; and 

a ?rst OR gate, having a ?rst input end, a second input 
end, and an output end, Wherein said ?rst input end is 
connected to said output end of said high voltage level 
comparator, said second input end is connected to said 
output end of said loW voltage level comparator. 

4. The U0 pad structure of claim 3, Wherein said data 
monitoring circuit further comprises: 

a second OR gate, having a ?rst input end, a second input 
end, and an output end, Wherein said ?rst input end is 
connected to said output end of said ?rst OR gate, said 
second input end receives an active signal, and said 
output end is connected to said ?rst input end of said 
control selection circuit to provide said monitoring 
signal, in Which said active signal determines Whether 
said data monitoring circuit is activated. 

5. The U0 pad structure of claim 3, Wherein said ?rst 
voltage level is 2.8V. 

6. The U0 pad structure of claim 3, Wherein said second 
voltage level is 0.2V. 

7. The U0 pad structure of claim 1, Wherein said control 
selection circuit comprises an AND gate. 

* * * * * 


